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Nine men were water depleted up t o  6.9% of their body weight during 
control led 5-day d ie ta ry  periods and then subjected t o  various physical 
performance tes ts ,  including grayout tolerance while undergoing +G, - 3 .OG/min. 
accelerat ion,  t o  define set poin ts  (%he $ hypohydration w h e r e  funct ional  dete- 
r i o ra t ion  begins).  Hypohydration re fers  t o  the primary water-loss type of 
dehydration. The following set points  were &served: t o t a l  body react ion 
t i m e  - 0 t o  1%; isometric muscular strength - greeter than 4%; Eervard step 
. t e s t  - 4 t o  4.5%; submaximal 02 intake - greater  then 4%; and +Gz - 3 .OG/min. 
centr i fugat ion - grea ter  than 4%. 
suggested as a possible  explars t ion f o r  t h e  d ivers i ty  of r e s u l t s  regarding 
The concept of free c i rcu la t ing  w a t e r  w a s  
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INTRODUCTION 
A t  t he  completion of o r b i t a l  m i ~ ~ i o n ~ , ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  where astronauts  were 
exposed t o  a va r i e ty  of environmental s t r e s ses  including accelerat ion,  heat ,  
i so l a t ion ,  and weightlessness, they were a l l  i n  weight de f i c i t :  
(156 g/hr), Carpenter 3.9s (180 g/hr), Schirra  3.1% (132 g/hr), and Cooper 5.3% 
(102 g/hr) 
Glenn 3.1% 
The bulk of the weight loss w&s assumed t o  be water It was  very 
l i k e l y  that they a l s o  experienced voluntary dehydration; t h a t  is, a delay i n  
complete rehydration following water loss with w a t e r  sva i lab le  
presumably, t o  inh ib i t i on  of t he  normal stimuli f o r  drinking caused by exog- 
enous and endogenous stress.'* 
l ibitum due, 
I n  s tudies  on voluntary dehydration it has been postulated that there  i s  
a range of body water p lus  or  minus some a r b i t r a r y  s e t  point  within which func- 
t i o n a l  de te r iora t ion  does not This set-point hypothesis has been 
infer red  by others.  l,*, 1 3 ~  15, l7,*= Furthermore, some w a t e r  d e f i c i t  might be 
benef ic ia l  when man i s  exposed t o  2 s t r e s s f u l  environment i n  which he must 
perform . 14'15 Since it has been observed that the  water content of t he  body 
i s  inversely r e l a t ed  t o  the r e c t a l  teqerature ,8 ,28 it w a s  postulated that a 
2 t o  3% (of body w t )  dehydration might be bene f i c i a l  fo r  physical  performance 
11 by augmenting the  
that any amount of dehydration i s  deleterious.  
warm-up effect."8 On the other hand, numerous s tudies  suggest 
3 , 5,7,9 , 29 
I n  1961 Webbs7 commented t h a t  work needed t o  be done concerning t h e  
influence of dehydration on grayout tolerance during centr i fugat ion.  The only 
other published study on this problem indicated a decreased tolerance t o  
+Gz - 18~/min.  accelerat ion i n  subjects acutely dehydrated i n  the  heat about 
1 t o  35 of t h e i r  body weight.36 Similar decreases following dehydration were 
observed i n  our laboratory (unpublished observations). 
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Some of t he  f ac to r s  that might. Influence the  s e t  p s in t  are: 2.) t he  degree 
of accl imat izat ion t o  heat ,  2 )  t he  degree of acclimatization t o  physical exer t ion 
( l e v e l  of physical  f i t n e s s ) ,  and 3 )  t he  rate of incurrence of t h e  w a t e r  debt - t h i s  
,,Jculd 3e \-ivoci~ 0 1  r r - - . l -  a ~ ~ ~ ~ i a ~ e d  -””--- -+ with the environmental temperatures, pressures ,  and 
t h e  water-intake regimen. It i s  very possible  t h a t  d i f f e ren t  stresses or combi- 
nations of stresses would have d i f fe ren t  set poin ts  and ranges. 
Some confusion e x i s t s  i n  the  l i t e r a t u r e  regarding the meaning of t h e  word 
dehydration. 
ence t c  the changes i n  osmotic substance. 
by sweating, mictur i t ion,  or  through the  gas t ro in t e s t ina l  system, csmotic sub- 
stance i s  lcs t  simultaneously (insensible water and water vapor i n  exhaled air  
are probably pure water). 
i n t e r r e l a t ed ,  both must be considered as a un i t .  For t h a t  reasont th ree  types 
of dehydration have been recognized: 1) dehydration caused by primary loss of 
water, 2) dehydration t h a t  i s  secondary t o  the  lo s s  of salt ,  and 3) a combina- 
t i o n  of t h e  two a b ~ v e . ~ , ~ ~  
i n  place of primary l o s s  dehydration (R. E. Johnson - personal communication). 
It i s  of ten used t o  mean a depletion of body water with no re fer -  
Whenever water i s  l o s t  f rom the  body 
Since body w a t e r  and osmotic substance a re  c losely 
More recently %he term hmohydration has been suggested 
In  t h i s  investigation, t he  e f fec ts  of chronic hypohydration on the responses 
t o  various tes ts  of bodily functions were studied i n  an attempt 1) t o  define 
some set poin ts  and ranges, and 2) t o  e lucidate  some of t h e  possible  mechanisms 
involved i n  changes i n  work performance. 
PROCEDURE AND METHODS 
Nine healthy male college students (ages 21 t o  29)  were used as subjects .  
Table \ 1 Anthropometrir m d  physicl~gin,  b a ~ e l l n e  %tii oil t i i e m  are presented i n  Table 1. 
/ 
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The study was divided in to  three experiments during three  consecutive weeks. 
, Each experiment consisted of a >-day controlled d ie ta ry  period and programmed 
I w a t e r  intake,  during which time the subjects proceeded with t h e i r  normal a c t i v i t i e s .  
The s ix th  day w a s  devoted t o  various physical and psychomotor t e s t i n g  p lus  ten- 
t r i fuga t ion  (Table 11)- The r e su l t s  of t h e  psychomotor tes ts  w i l l  be reported 
elsewhere. The programmed water intake during the  'j-day d ie ta ry  periods w a s :  
I 
week 1 - 1500 &/day, week 2 - & libitum, and -week 3 . -  900 ml./day. 
The subjects reported t o  the  laboratory the  evening of day 5 and s l ep t  there  
overnight. Two subjects were tes ted  each day. On t h e  morning o f  t he  tes t  day 
(day 6)  the  subjects a t e  about 1/3 of t h e i r  da i ly  allotment of  Sustagen, 1 g of 
N a C l ,  and 200 m l .  of water. No more food or water w a s  allowed u n t i l  t he  end of 
t he  t es t s  on day 6. 
compared on the  b a s i s  of the  change i n  body weight between day 1 and day 6 j u s t  
Regardless of t he  water-intake regimen, t h e  r e s u l t s  were 
before cectr i fugat ion.  
fast  on a balance accurate t o  +5 g a f t e r  t he  subject emptied h i s  bladder. 
Nude body weight xas mzasured each morning before break- 
I n  
some subjects there  w a s  a greater  loss of weight during week 1 - 1500 m l .  HZO/day 
[mean da i ly  high (MDH) = 27.2 C, mean da i ly  l o w  (MDL) = 8.9 C] than during 
week 3 - 900 ml./day (MDH = 20.0 C, MDL = 10.0 C) due, i n  p a r t ,  t o  the  w a r m e r  
weather. The tes ts  were conducted i n  October and November 1964 and it w a s  
unlikely t h a t  t he  subjects  were acclimatized t o  heat. 
temperature f o r  t h e  e n t i r e  3-week period w a s  23.3 C ,  and t h e  average low w a s  
10.0 C (range 6.1 t o  31.1 C)  . The subjects were given suf f ic ien t  prac t ice  i n  
taking the  various tes ts  t o  assure us t h a t  very l i t t l e  addi t ional  learning 
The average da i ly  high 
would occur the rea f t e r .  
Biochemical Analyses: Venous blood and urine specimens were col lected before 





(Table 11). Evans blue space (p l a sm volume) was measured j u s t  p r i o r  t u  cen- 
t r i f u g a t i o n ,  u t i l i z i n g  one lO-min., post-dye blood ~ q l e . ~ *  A correction 
f a c t o r  of 0.96 w a s  used f o r  trapped plasma i n  the  capi l la ry  micro-hematocrit 
determinations using venous blood Ls 
were made: 
The following addi t ional  measurements 
ur inary and serum C l , ”  urinary and serum Na and K (Baird flame- 
photameter &del flY-2); i ~ i n a r y  a n d  serum t o t a l  osmolarity (Fiske osmometer - 
Mark 111) , urinary and serum endogenous creat inine ,6 and serum glucose using 
glucose oxidase. 
- D i e t :  
35 
The weight-sustaining controlled d i e t  (Table 111) w a s  composed of Table 3 
Sustagen (Mead- Johnson), s a l t i ne  crackers (Premium), oleomargarine (Blue Bonnet) , 
and e i t h e r  boui l lon cubes (Wylers) or an equivalent amount of en t e r i c  coated 
N a C l  p i l l s  (Li l ly)  . SLibjects EG, JL, AM, and SR consumed the  2900 kcal  d i e t ,  
and RW, FK, J C ,  DM, and DR t h e  2500 kca l  d i e t .  
Physical  tests: The tes ts  performed were: 1) tilt tab le ,  2)  isometric 
muscular strength,  3 )  modified Harvard step tes t ,  4) t o t a l  body react ion t i m e ,  
and 5 )  subinaxbal O2 inteke,  i n  tha t  sequence. The r e s u l t s  of t he  tilt t a b l e  
tes ts  w i l l  be reported elsewhere. 
Isometric muscular s t rength was measured with dynamometers following the  
method of MathewsOm T o t a l  strength w a s  t he  sum of t h e  right-hand, left-hand, 
back, and leg  strengths.  
The modified Harvard step test  u t i l i z e d  a 43-em (18 in.)  bench and the  
index w a s  calculated according t o  the following formula: la 
--- duration of exercise i n  seconds X 100 
* A &  - 
2 X sum of recovery pulse  counts f rom 1 t o  
1-112, 2 t o  2-112, and 4 t o  4-112 min. 
.. 
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Total  body-reaction time was measured by having t h e  subjects  jump o f f  a 
platform i n  response t o  a l i g h t  only, a buzzer only, and the  l i gh t  and buzzer 
presented simultaneously (combined). The platform w a s  posit ioned about 2 m from 
t h e  l i g h t  b laze r .  Five t r i a l s  ;;ere taker  fcr cach stizriilus and t h e  eTwrerage 
t imes used i n  t h e  calculat ions.  
The subjects  ran on a motor-driven treadmill (11.3 kra/br, 7s grade) f o r  3 min. 
with no warm-up other than that given by t h e  previous four tests.  
w a s  f lushed during the f irst  2 min. and exhaled a i r  was’collected du-ring the  
t h i r d  min. T h i s  e f f o r t  represented 2 / 3  t o  3/4 maximum O2 intake. 
C02 percentages i n  t h e  exhaled a i r  were analyzed on a Beckman Model E2 and a 
Beckman Model IJ3-1, respectively.  
The Tissot tank 
Oxygen and 
Centrifuge: The centrifuge employed w a s  t he  Ames Research Center’s f ive-  
degree-of-freedom motion simulator. = 
a gimbal s t ruc ture  t h a t  allowed three degrees of freedom plus  v e r t i c a l  t rans la -  
t i on ,  w a s  mounted on a centrifuge with a 30-ft radius.  The subjects were seated 
i n  a standard a i r c r a f t  seat and restrained with a lag and chest harness. 
helmet was secured 5 3  the  subject’s  head would not be displaced. The r o l l  of t h e  
cab w a s  controlled by electronic  computers so the l i n e  of force would be main- 
ta ined p a r a l l e l  t o  t he  long ax i s  of t h e  body. 
The single-place cab, supported inside 
The 
Measurements taken during the centrifugation included the EKG, blood 
pressure,  and 02 saturat ion u t i l i z i n g  an ear oximeter. 
observed on a closed-circuit TV monitor. 
used. 
The subject’s  face w a s  
A n  i n t e r c o m n i c a t i o n  system was a l so  
On t h e  test  day each subject had 3 runs a t  an accelerat ion of 3.0G/min. 
~ i + _ h  1 +_e 1-1/2 m i l l .  reg+_ hpt>:ep-”_ e2c-h- A- ,p>c-  w ~ c  fhn  T I P T . ~ A ~  nf +_-e frnm ---- I----- 
a standing start t o  grayout. Sphygmomanometric blood pressures were measured 
automatically during the  rest periods. A t  t he  end of each run t h e  cab stopped 
with the subject on h i s  r i gh t  side. The cab w a s  ro l l ed  back slowly t o  prevent 
nausea, e t c .  None of t h e  subjects became ill during or after the  centrifugation. 
P r i o r  t o  the  start of t h e  experiments each subject had had at  least 8 rms f o r  
p rac t i ce  and or ien ta t ion ,  and w a s  instructed t o  r i d e  passively without counter- 
miisciilar e f f o r t .  
dark i n  t h e  cab before starting an experiment. 
Each subject had about 5 min. t o  become accustomed t o  t h e  
Grayout w a s  the  end point of each run. Lights o f ' t h r e e  luminances, approxi- 
mately 1.03, 0.39, and 0 . 3 0 ~  lamberts, were presented t o  the  subjects,  beginning 
w i t h  the  lowest In tens i ty .  The l i g h t s  were positioned d i r ec t ly  i n  f ron t  of t h e  
subjec t ' s  eyes and the  duration of each l i g h t  f l a s h  was about 1 t o  2 sec. The 
subjects  were instructed t o  depress a turn-off' switch whenever they s a w  a l i g h t  
flash. Failure t o  t u r n  off a l i gh t  would cause the  l i g h t  of t h e  next highest  
i n t ens i ty  t o  come on. 
subject  f a i l e d  t o  t u r n  off the  highest i n t ens i ty  l i g h t .  The luminance of t he  
The run was stopped by the  medical monitor when t h e  
l a t te r  w a s  adjusted so grayout would occur a t  about 5G.  
S t a t i s t i c a l  procedures: The subjects were grouped according t o  l o s s  i n  
body weight. 
2.38 - 10 sLibjects, range 1.70 t o  2.99%; and group 4.3$ - 8 subjects ,  range 
3.00 t o  6.90$. The 1.3, 2 . 3 ,  and 4.3s w e r e  t h e  means fo r  t h e  three  groups. 
Group 1.3% consisted of 9 subjects,  range 0 t o  1.69%; group 
Each subject w a s  t e s t e d - t h r e e  times. 
The dependent var iables  were adjusted according t o  the  percentage 
of body-weight l o s s  by means of the following formula: 
i = groups 1, 2,  3 
j = 1, 2, . . ., n i ;  where 




where Y i j  i s  the  j t h  observation i n  the  i t h  group of the  variable under 
consideration; X i 3  i s  t h e  j t h  observation i n  t h e  i t h  group of t he  amount 
($) of body-weight loss;  i~ 
c;i is the specif ic  r e q o n s e  of the 2ependen-L variable ~II the i t h  group; and 
l3 
under study. 
i s  the  over-all  mean of the dependent variable; 
i s  t h e  correlat ion coef f ic ien t  between weight l o s s  and the  dependent var iable  
No s t a t i s t i c a l  tests of significance were performed, since some individuals 
w e r e  included twice i n  t h e  same group, thereby giving .a biased error estimate f o r  
t e s t i n g  group m e a n s .  
means (x), and the standard e r ro r  (SE) of t h e  adjusted means f o r  selected metabolic 
var iables  under study. 
Tables I V  and V I  give t h e  unadjusted means (TI, t h e  adjusted 
RESULTS AND DISCUSSION 
Physical performance tests: Total body react ion t i m e s  - sound, l i g h t ,  and 
Fig. 1 combined - a l l  progressively decreased with increasing hypohydration (Fig. 1). 
Average values f o r  each variable were used i n  a l l  t he  tab les  and figures. 
The s tep- test  PFI (Fig. 1) increased s l i g h t l y  with increasing hypohydra- 
t i o n ,  a higher score indicat ive of b e t t e r  performance. Since a l l  t h e  subjects  
> 
were able t o  complete the  5 minutes of stepping, t he  increase i n  t h e  mean 
PPI w a s  a r e f l ec t ion  of lower pulse rates a t  the end of t he  exercise and/or 
a greater drop i n  the  pulse rates during the  b1/2 min. recovery period. 
e f f e c t  of water l o s s  on t h e  pulse rate during exercise i s  variable,  depending upon 
t h e  t e s t  conditions. 
ing i n  moist heat and drinking water @ l ibitum ra ther  than drinking water equal t o  
h_jr weight. (Swe~~t , )  
that dehydration alone accelerated the  pulse rates of working subjects.  
i n  t h e  lat ter s tudies  there  was  no s ign i f icant  increase i n  t h e  working pulse  rates 
The 
Sl ight ly  lower pulse  rates have been observed i n  one man walk- 
On the  other hand. Rothstein and Towbin=' concluded 
However, 
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(190 kg - m/min. a t  49 C )  i n  hydrated subjects drinking water ad libFtum versus 
dehydrated subjects drinking no water u n t i l  a weight d e f i c i t  of about 44% w a s  
a t ta ined .  
influence t h e  pulse rates of subjects working i n  the  heat.  Our data  on men 
working in  a cool environment support th i s  observation. Also, a reduction of 
10.6s i n  t o t a l  blood volume (*TBV) and 3.8% red  c e l l  i;clu;is (F,F!)(T&le V> was 
Thus it appears that a 3 t o  4$ body-weight (BWt) l o s s  does not always 
Table 5 > associated with the  s l i gh t ly  increased PFI. The set point f o r  pulse-rate dete- 
r i o r a t i o n  i n  water-depleted subjects seems t o  be about 4$ of t o t a l  body weight. 
Isometric muscular strength increased s l igh t ly  with increasing hypohydration 
(Fig.  1). 
t aken  during a very short  period af tkne - the  t i m e  necessary f o r  one maximal 
contraction of t h e  pa r t i cu la r  muscle group. During the  step tes t  the  subjects  
commented that t h e i r  l e g  muscles were progressively more fatigued with increasing 
hypchydration. 
depletion range, it i s  very l i k e l y  that muscular endurance would be adversely 
affected.  
i can t ly  after dehydration. Further, a very s l i g h t  increase in maximal isometric 
s t rength (elbow f lexion and knee extension) occurred i n  subjects dehydrated approxi- 
mately 3.84% i n  a sauna ba th  (80 C)  and 3.6 t o  4.0$ by exercise. 
that maximal isometric muscular strength w a s  not affected i n  the  0 t o  4% range 
of hyp ohydrat i on. 
It m u s t  be kept i n  mind that these various strength measures were 
While muscular strength w a s  not affected i n  the  0 t o  48 weight- 
S a l t i n w  observed that work times a t  maximal exercise decreased signif- 
30 It may be concluded 
Submaximal 02 consumption (Fig. 1) w a s  not s ign i f icant ly  changed with increasing 
hypohydration. 
with group 1.35. 
However, t he  RQ i n  group 4.3% w a s  s ign i f icant ly  higher when compared 
Saltin3’ observed no change i n  submaximal 02 intakes i n  subjects  
previously dehydrated (3.5$) a t  80 C who sustained a 10 t o  20s decrease i n  t h e i r  
plasma volume 
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Exercise ser'm and urine variables;  I n  general ,  t he  ?re- en? 2cst-exercise 
serum and ur ine  var iables  (Table IV) re f lec ted  the  e f f e c t s  of water depletion. 
Small var ia t ions  i n  the individual serum ions were noted hu t  t he  serum osmclarity 
increased 2 t o  3 m G s m / i  i n  group 4.3$ compared t o  group i.3$. 
osmolarity increased about 4 t o  5 mOsm/l. 
contributed t o  t h e  diminution of urinary excretion. 
were reduced about half  during the exercise period. 
c rea t in ine  appeared t o  be highly dependent upon body weight; whlle the  r a w  mean 
values were su f f i c i ec t ly  d i f f e ren t ,  tke adjusted yiean vslues were 2 s s s n t i a i l y  
equal. 
water deplet ion and the  ur inary ?la, K ,  and C i ,  ana the  urine/serum c s n c t i c  r a t i o  
a l s o  r e f l ec t ed  t h i s  change. The exercise reduced the urinary osmclarity and the 
ur inary ion concentrations as well .  
degree of hypohydration. 
Blood vdwne: 
?"ne pdsi-exercise 
Both exercise  and water depletion 
Creatinine clearances 
Post-exercise urinary 
The w i n e  osmclarity was highest i n  grzup 4.3$ c2incidi-ng with grea te r  
This reduction w a s  n s t  influenced by the  
The plasma vc~iume ( P V )  sustained the  grea te r  p a r t  cf the  
C a q a r e d  with grcug i.3$, PV decreased water loss f ror r  t he  blood (Table 5 )  - 
3.3 and 13.8% i n  gi-oups 2.3 and L.3$, respect ively.  
changed &.6$ and -5.8$, respectively.  
group 2.3% (-1.7%), but  w a s  reduced 10.6% i n  group 4.3% when compared with 
group 1.35. 
l o s s  (Table V ) .  
and then  decreased i n  group 4.35. 
The ccrresponding RCV 
The TBV w a s  e s s e n t i a l l y  unchanged i n  
It appeared that P V  and TBV changes were not proport ional  t o  BWt 
They both remained e s sen t i z l ly  constant t o  about 3% BWt loss 
The relat ionship between P V  ioss and BWt lGss i s  determined, i n  ?art, by 
the net  e f f ec t  of water and osmotic intake and outgc, both o f  which a re  influenced 
by iiie envirunlilceniai c u u d i i i s r i s  a r i r i  r u i i i  i va i i .  Tiit: PV iLiciea5t.d 11% w i i i i e  tlie 
BWt decreased 5.5s i n  pa r t i c ipan t s  i n  an 85-km. cross-country s k i  race.2 On t h e  
other hand, S a l t i n  and S t e n b ~ g ~ ~  observed a decrease i n  the  TBV of less than 5% 
I -  
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Fig. 2 > 
Table 6 > 
associated with a 3 t o  5$ BWt l o s s  i n  men exercising a t  24 C. 
P V  decreased up t o  2598 i n  men dehydrated 3.5% BWt i n  a sauna bath (80 C) . 
Thus, there  seems t o  be no consistent re la t ionship between PV,  TBV, and BWt loss. 
The c r i t i c a l  fac tors  appear t o  be the rate of water loss  and t h e  ensuing lag i n  
r e s to r ing  the lost water into the  circulatory system. 
Conversely, t he  
31 
Centrifugation tolerance: Grayout tolerance during the three Iuns w a s  
not affected appreciably from 0 t o  4.3% hypohydration (Fig. 2 ) .  A s l i g h t  decrease 
i n  tolerance may be observed i n  group 4.398 d u r i n g  run 3, but t h i s  point  i s  most 
l i k e l y  not t he  s e t  point because the terminal pulse rates decreased s l i g h t l y  
dur ing  successive runs which would aot indicate  deter iorat ion.  The set point  
f o r  centr i fugat ion tolerance would be greater  than 4.3% hypohydration 
an accelerat ion of 3.0~/min. 
Centrifuaation serum and urine variables:  I n  contrast  t o  t h e  exercise results, 
Centrifugation increesed the  urinary osmolarity, Na, K, C 1 ,  and the  urine/serum 
osmotic r a t i o  (Table V I ) .  
increased, even though the  subjects were water depleted. Stauffer  and Ekrebo- 
K n ~ d s e n ~ ~  found an increase i n  urinary spec i f ic  grav i ty  and a s ignficant  reduction 
i n  ur inary output following centrifugation i n  water loaded subjects.  
increasing t h e  load on t h e  cardiovascular system usually causes a decrease i n  
ur inary output. 
groups; 8.4, 6.8, and 13.3 mg/lOo a. i n  groups 1.3, 2 . 3 ,  and 4 . 9 ,  respectively.  
This w a s  an apparent increase due t o  f l u i d  leaving t h e  c i rcu la tory  system because 
the  hematocrit/glucose r a t i o  remained e s sen t i a l ly  constant (range 0.32 t o  0.50). 
The hematocrit increased 2 t o  3 ~01.98 following centrifugation. 
observation w a s  consistent with Clark gt &lD who observed that f l u i d  sh i f t ed  
from t h e  blood t o  t i s sues  during t h e  short-term +G, 
The post-centrifugation urinary volumes were a l s o  
I n  general, 
Serum glucose increased following centr i fugat ion i n  a l l  three 
The la t te r  
accelerat ions.  
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SUMMARY NiD CONCUTSIONS 
There were no s ignif icant  changes i n  maximal isometric strength,  t o t a ;  bJdy 
react ion time, t h e  Iiarvard step t e s t ,  sub~lfixLnjjl C!;l intdcc, and t c ~ l ~ r ~ n c ~  t r  
SG, - j.OG/min. accelerat ion f r o m  0 t o  4% hypohydration. 
par ison of pre- versus post-exposure indicated that most of the various blood 
and ur ine var iables  w e r e  essent ia l ly  unchanged as a r e s u l t  of the  exercise 
and centr i fugat ion.  
r e n t s  was an increase i n  the  RQ i n  group 4.3% during submaximal O2 intake.  
This increase was associated with a 10.6% decrease i n  t o t a l  blood -Jalume. 
1c;culd seem t h a t  g r o q  4.3% w a s  near the set pc in t  i n  submaxiLml 02 c s n s q t i s n .  
The t e r m  
begins. 
Concomitantly, a com- 
The only s ignif icant  change i n  the  physical t e s t  geamre- 
It 
11 s e t  po in t”  r e fe r s  t o  t h e  l e v e l  of hypohydration where de te r iora t ion  
T o t a l  body react ion time appeared t o  decrease progressively with incressing 
hmchydration. Thus i t s  set point  wGuld be absut 1.3%. The s e t  points  f c r  
i s m e t r i c  muscular strength and the step t e s t  were both greater  t h m  L.3$; t he  
se t  point  f m  submaximal 02 intake appeared t o  be abcut 4.3$ when the  r i s e  i n  
RQ i n  group &.3$ i s  considered. 
Other f ac to r s  i n  adai i ion t o  acclimatization t o  physical exer t ion that 
must be considered when s e t  po in ts  are discussed a re :  
t i o n  t o  t he  pa r t i cu la r  environment (heat,  cold, a l t i t u d e ,  e t c . ) ,  t he  r a t e  of 
incurrence of t he  water debt (see introduction),  and the  type of t e s t  or measure 
used t o  assess  deter iorat ion.  
ra ther  gross t es t s  of  bodily functions t h a t  can be accomplished quickly (e.g., 
iscmetric s t rengih)  w ~ d d  ilot be I r d ’ l -~e reed  as zxch  by v z t e r  den7etion r-- a s  tpsts 
t h a t  require a longer duration and r e l y  more on t h e  i n t e g r i t y  of t h e  c i rcu la tory  
degree of acclimatiza- 
It i s  suggested that de te r iora t ion  measured by 
- . L e  
system (e.g., step t e s t  and O2 intake) .  
experiment f u l f i l l s  both of t he  above c r i t e r i a ;  however, no s igni f icant  deterlora- 
t i o n  w a s  apparent LQ t o  4.3% hypohydration after three  runs. It i s  l i k e l y  t h a t  
g rea te r  fa t igue would have been observed had a la rger  number of successive runs 
been employed. 
Acceleration tolerance t is  uced i n  t h i s  
Group 4.3% sustained a 13.8% decrease i n  Evans blue space and a 10.6$ decrease 
i n  t o t a l  blood volume without much deter iorat ion i n  performance. It seems t h a t  
there  i s  a reservoi r  of extracel lular  f l u i d  that can be drawn upon withcut com- 
p r m i s i n g  performance. 
Ladell17 has s ta ted t h a t  " a m n  can l c se  3% of h i s  bxly weight ?.The= t h i r s t i n g  
withcut showing gross physialogical changes." 
would e s sen t i a l ly  agree with that statement. Further, and more important, he 
suggested the  concept of 
z reservoi r  sf water (about 2 l i t e r s  o r  2-3$ BWt) Sver 
needs t h a t  can be drawn upon i n  time o f  need. Thus, bodily functions could 
continue unimpaired u n t i l  the  s tore  o f  FCW was used up. 
f r e e  c i rcu la t ing  water comprises pa r t  of t h e  ex t race l lu la r  f l u i d  compatment. 
P a r t  of t h e  mechanism fo r  t h e  increase i n  physical  performances i n  well- 
Our blood, urine,  and t e s t  r e s u l t s  
?I f r e e  c i rcu la t ing  w a t e r "  (FCW). That i s ,  the  body has 
above I t s  c r i t i c a l  
It i s  l i k e l y  t h a t  t he  
t ra ined a th l e t e s  might be due t o  an increase i n  t h e i r  FCW since they consis tent ly  
have greater blood volumes than comparable sedentary people. It should be 
remembered t h a t  our subjects w e r e  i n  a higher state of acclimatization t o  physical  
exer t ion than the  general population and therefore may be compared with our physic- 
a l l y  conditioned astronauts.  
l i ke ly  raise the  set points  f o r  t h e  various tes ts  (i.e.,  i f  our group of subjects  
began t o  de te r iora te  a t  4% hypohydration, a group of average subjects might begin 
t o  decline a t  38). 
This l eve l  of physical  conditioning would most 
- 13- 
Some of t he  confusion regarding the  e f f e c t  of dehydration on performance, 
as suggested i n  the  introduction could be explained, i n  p a r t ,  by the  FCW concept. 
Most of t h e  s tudies  on performance i n  t h e  heat indicated that any amount of 
dehydration w a s  deleter ious ( s e t  point O-lg) w h i l e  those s tudies  conducted i n  
cooler environments suggested set points  from 3 t o  5% body weight loss. 
could be reduced or eliminated very quickly if dehydration were  induced by heat 
and/or exercise ,  and the ensuing performance would then immediately begin t o  
decline.  
caused by heat dehydration could be a t t r ibu ted  t o  the  heat pe r  se. 
argument would apply t o  exercise dehydration. 
induced by water deprivation over periods of 3 t o  4 days might not deplete the  
FCW enough t o  diminish performance. 
The F(=W 
There i s  always the  p o s s i b i l i t y  t h a t  p a r t  of the  performance decrements 
The same 
On t he  other hand, hypohydration 
It i s  recognized that many i n t e r r e l a t ed  physiological and psychological 
mechanisms w e  involved i n  the  phenomenon of t he  determination of work capacity 
or  performance. 
not only as one possible  explanation f o r  t he  relat ionship between w a t e r  depletion 
and performance but  a l s o  t o  provide a framework t o  help unify the  apparent divers- 
i t y  of information regarding the  e f f ec t s  of water depletion on bodily de te r iora t ion  
and work performance . 
The use here of t h e  f r e e  c i rcu la t ing  water concept i s  suggested 
Since there  were e s sen t i a l ly  no decrements i n  the  various tests u t i l i z e d  here 
i n  the 0 t o  4s range of hypohydration, it may be concluded that performances 
by physical ly  well-conditioned subjects would most l i k e l y  not be adversely 
affected i f  the  water depletion were incurred ra ther  slowly (4  t o  5 days) 
short-term dehydrations induced by heat and/or exercise  are usual ly  associated 
However, 
-14- 
with decrements i n  physical  performance and grayout tolerance.  
i n  t h e  determination of t h e  relationship between water depletion and performance 
appears t o  be pr imari ly  the  r a t e  at  which w a t e r  i s  l o s t  and secondarily, t he  
l e v e l  of dehydration at ta ined.  
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